L umbar fusion for spondylolisthesis is associated with more consistent and often better outcomes than fusion for disk-related low back pain. [1] [2] [3] [4] [5] In a large systematic review in 2008, Carreon et al 2 reported the greatest improvement in Oswestry Disability Index scores among patients who underwent fusion for spondylolisthesis. A study conducted by the Spine Patient Outcomes Research Trial reported greater pain relief and functional improvement after 4 years in patients who underwent fusion for spondylolisthesis compared with nonoperative control subjects. 5 In the United States, patients receiving workers' compensation tend to have worse outcomes after lumbar fusion than those without workers' compensation claims. [6] [7] [8] [9] [10] [11] [12] [13] One study reported that patients with Lumbar fusion for spondylolisthesis is associated with consistent outcomes in the general population. However, workers' compensation is a risk factor for worse outcomes. Few studies have evaluated prognostic factors within this clinically distinct population. The goal of this study was to identify prognostic factors for return to work among patients with workers' compensation claims after fusion for spondylolisthesis. The authors used International Classification of Diseases, Ninth Revision, and Current Procedural Terminology codes to identify 686 subjects from the Ohio Bureau of Workers' Compensation who underwent fusion for spondylolisthesis from 1993 to 2013. Positive return to work status was recorded in patients who returned to work within 2 years of fusion and remained working for longer than 6 months. The criteria for return to work were met by 29.9% (n=205) of subjects. The authors used multivariate logistic regression analysis to identify prognostic factors for return to work. Negative preoperative prognostic factors for postoperative return to work included: out of work for longer than 1 year before fusion (P<.001; odds ratio [OR] , 0.16); depression (P=.007; OR<0.01); long-term opioid analgesic use (P=.006; OR, 0.41); lumbar stenosis (P=.043; OR, 0.55); and legal representation (P=.042; OR, 0.63). Return to work rates associated with these factors were 9.7%, 0.0%, 10.0%, 29.2%, and 25.0%, respectively. If these subjects were excluded, the return to work rate increased to 60.4%. The 70.1% (n=481) of subjects who did not return to work had markedly worse outcomes, shown by higher medical costs, chronic opioid dependence, and higher rates of failed back syndrome, total disability, and additional surgery. Psychiatric comorbidity increased after fusion but was much higher in those who did not return to work. Future studies are needed to identify how to better facilitate return to work among similar patients with workers' compensation claims. [Orthopedics. 2016; 39(1):e1-e8.] workers' compensation claims had worse outcomes after fusion than patients who received disability funds. 7 In 2010, Carreon et al 9 reported worse clinical outcomes in patients receiving workers' compensation, and fewer patients with workers' compensation claims achieved substantial clinical benefit from fusion. Studies of subjects from several workers' compensation jurisdictions reported return to work rates of 26% to 36% and reoperation rates of 22% to 27% after fusion. 6, [10] [11] [12] 14 Despite these results, fusion rates in patients with workers' compensation claims are steadily increasing. 11, 15 The ability to return to work is among the most clinically important outcomes in those receiving workers' compensation, especially considering that the estimated cost of treating chronic low back pain is greater than $100 billion annually in the United States; two thirds of this cost is believed to be the result of lost wages and reduced productivity. 16, 17 Preoperative identification of which patients with workers' compensation claims are most likely to have positive outcomes after fusion and return to work is important. Identifying these patients not only leads to the best and most appropriate care for this clinically distinct subset of patients but also may help to curb medical costs and costs to the state. However, relatively few studies have evaluated potential risk factors for poor outcomes after lumbar fusion among those receiving workers' compensation. 6, 12, 14, 18, 19 Therefore, the goal of this study was to identify prognostic factors for return to work status after lumbar fusion for spondylolisthesis within a workers' compensation setting. To the authors' knowledge, this is the first study to identify predictors of return to work specifically among patients with workers' compensation claims who underwent arthrodesis for spondylolisthesis. The authors also compared other secondary outcomes between those who returned to work after fusion and those who did not.
Materials and Methods
This retrospective observational study included 686 patients with workers' compensation claims from the Ohio Bureau of Workers' Compensation who underwent anterior, posterior, or 360° lumbar fusion for spondylolisthesis. International Classification of Diseases, Ninth Revision (ICD-9), codes were used to identify 14,640 subjects from the Ohio Bureau of Workers' Compensation administrative database who were diagnosed with lumbar conditions after a workplace injury from 1993 to 2013. A coding schema reported by Nguyen et al 6 using Current Procedural Terminology (CPT) codes was used to identify patients who had lumbar fusion. Because some patients underwent more than 1 fusion procedure while receiving workers' compensation, the current authors based this study and all outcomes on each subject's index fusion after injury. This study did not require institutional review board approval because the authors worked directly with the Legal Department at the Ohio Bureau of Workers' Compensation. All subject data were deidentified before collection.
The authors excluded 13,954 subjects from the initial population. Subjects who were excluded were those who did not undergo lumbar fusion; those who underwent fusion for indications other than spondylolisthesis; those who underwent a fusion approach other than anterior, posterior, or 360°; and those who had fewer than 3 years of postoperative follow-up. The authors excluded subjects with previous lumbar surgery, a history of smoking, or failed back syndrome because these factors negatively affect the outcomes of fusion. 3, 10, [20] [21] [22] [23] The authors identified lumbar comorbidities and failed back syndrome with ICD-9 codes, and they used ICD-9 codes and use of prescription smoking deterrents to identify a smoking history. The authors used CPT codes to identify subjects with previous lumbar surgery.
There were 686 subjects who met the authors' inclusion criteria, and they formed the final spondylolisthesis cohort. The authors then determined which subjects returned to work within a reasonable amount of time after fusion. Specifically, the authors classified subjects as returning to work if they returned within 2 years after fusion and remained working for more than 6 months. The authors included the latter component in their return to work criteria to ensure that those who were classified as returning to work remained working for a sustained period. Only 205 (29.9%) subjects in the spondylolisthesis cohort met the criteria, forming the return to work group. The remaining 481 (70.1%) subjects formed the out of work group. Figure  1 shows the subject selection process, and Table 1 shows the codes used to form the study population.
The authors' primary outcome was whether the subjects met the return to work criteria. The authors also measured a number of secondary outcomes, all within 3 years after index fusion, including: days out of work, medical costs paid by the Ohio Bureau of Workers' Compensation, use of opioid analgesics, development of new psychiatric comorbidity, use of psychotherapy, and rates of failed back syndrome, permanent disability benefits, all-cause mortality, postoperative infection, pseudarthrosis, and additional lumbar surgery. Data on prescription opioid use were collected for all subjects before index fusion and within 3 years after this procedure. The total number of days that each subject was supplied with opioid analgesics was calculated. All prescription opioids were converted to morphine equivalents, and the authors determined the total morphine equivalents supplied to each subject and the average daily morphine equivalents to quantify daily opioid load.
The following data were also obtained: age at fusion, sex, time out of work, use of physical therapy, chiropractic care, psychotherapy, and approximated income. the 2010 US Census. Additionally, the authors determined preoperative rates for the following characteristics: age older than 50 years at fusion, out of work status for longer than 1 year, permanent partial or total disability, lumbar diskography, legal representation, obesity, psychiatric or lumbar comorbidities, and psychiatric diagnostic examinations. In addition, for each subject, the fusion approach and the type of graft and instrumentation were characterized.
To identify prognostic factors for postoperative return to work status, the authors used multivariate logistic regression analysis. The dependent variable was whether the return to work criteria were met. In the regression model, the authors adjusted for the following preoperative and operative binary covariates: out of work for longer than 1 year, single-level vs multilevel fusion, decompression with fusion, receipt of permanent disability benefits, age older than 50 years, sex, obesity, approximated income less than the 25th percentile for the study population, isthmic vs degenerative spondylolisthesis, individual lumbar and psychiatric comorbidities, lumbar diskography, use of physical therapy, use of chiropractic care, supplied with opioid analgesics for longer than 1 year, daily opioid load above the 75th percentile for the study population, and legal representation. The authors adjusted for the following categorical variables: type of fusion surgery, instrumentation, and graft used. To compare secondary outcomes and baseline population characteristics between the return to work and out of work groups, the authors used chi-square tests for binary and categorical variables and Student's t tests for continuous variables. P≤.05 was considered statistically significant. For all analyses, Statgraphics Centurion XVI version 16.2.04 software (Statpoint Technologies, Inc, Warrenton, Virginia) was used.
results
The return to work and out of work groups differed significantly across a number of preoperative covariates (Table 2). Before fusion, compared with the out of work group, subjects in the return to work group were 1.9 years younger Regarding surgical covariates, the return to work and out of work groups differed significantly only in types of grafts used (P=.029). Of note, the return to work group had an 11.1% higher rate of autograft. Rates of different fusion techniques and instrumentation did not differ significantly between groups ( Table 3) .
Only 29.9% (205 of 686) of subjects in the spondylolisthesis cohort had a sustained return to work. Of the return to work group, 79.5% (163 of 205) returned within the first year after fusion. Negative preoperative prognostic factors for postoperative return to work included: out of work for longer than 1 year (P<.001; OR, 0.16), clinically diagnosed depression (P=.007; OR<0.01), use of opioid analgesia for longer than 1 year (P=.006; OR, 0.41), legal representation (P=.042; OR, 0.63), and lumbar stenosis (P=.043; OR, 0.55) ( Table 4) . No positive predictors were identified. Figure 2 shows the return to work rates for each of these factors as well as the resulting return to work rate when that variable was excluded. The 3 strongest negative predictors were depression, prolonged work loss, and long-term opioid use. If all subjects associated with these variables were eliminated from the cohort, then the overall return to work rate increased to 48.1% (168 of 349). If all subjects associated with any prognostic factor were removed, then the return to work rate increased to 60.4% (67 of 111). The out of work group had considerably worse postoperative outcomes than the return to work group ( Table 5) . At 3 years after fusion, the out of work group was, on average, out of work for 646.0 additional days (P<.001), and this was associated with $25,980.6 higher medical costs per subject paid by the Ohio Bureau of Workers' Compensation (P<.001). In addition, these subjects were supplied with opioids for 428.7 additional days (P<.001), which equated to 42,111.0 more morphine equivalents (P<.001), with a daily opioid load of an additional 15.9 morphine equivalents (P=.002). The out of work group also had a 5.1% higher rate of failed back syndrome (P=.016), a 14.9% higher rate of permanent total disability among those who were not receiving permanent disability payments before fusion (P<.001), and a 16.4% higher rate of additional lumbar surgery (P<.001).
After fusion, the out of work group was diagnosed with new psychiatric disorders, chiefly depression, at a 22.7% higher rate (P<.001) and used psychotherapy at a 28.6% higher rate (P<.001) compared with the return to work group. Of the out of work group, 7.7% were diagnosed with a psychiatric disorder before fusion. Among those with no preoperative psychiatric history, 25.7% were diagnosed with a psychiatric disorder after fusion. Overall, 31.4% (151 of 481) of the out of work group and 3.9% (8 of 205) of the return to work group had a psychiatric diagnosis either before or after fusion. Rates of psychotherapy among the out of work group increased from 7.7% before fusion to 34.9% after fusion. Among the return to work group, this rate increased from 0% to 6.3%. In the out of work group, the average number of psychotherapy sessions increased by more than a factor of 5 after fusion (P<.001), possibly suggesting worsening psychiatric health. Mean number of sessions also increased in the return to work group, but only from 0.0 to 0.9 (P=.008). Additionally, rates of psychiatric diagnostic examinations for the out of work group and the return to work group increased by 22.0% and 3.9% after fusion, respectively. Among subjects with no psychiatric history before fusion, the out of work group had a 24.4% higher rate of index psychiatric diagnostic examination after fusion compared with the return to work group (P<.001).
discussion
In the general population, lumbar fusion for spondylolisthesis has been associated with consistent outcomes.
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However, patients receiving workers' compensation tend to have inferior outcomes after fusion. [6] [7] [8] [9] [10] [11] [12] [13] Few studies have identified prognostic factors within this clinically distinct population. 6, 12, 14, 18, 19 The current study was the first to do so among patients with workers' compensation claims who underwent arthrodesis for spondylolisthesis. Among 686 subjects who had workers' compensation claims in Ohio and underwent lumbar fusion for spondylolisthesis from 1993 to 2013, the authors identified a number of preoperative prognostic factors for postoperative return to work. The strongest negative predictors were depression, prolonged time out of work, and long-term opioid analgesia. Return to work rates associated with these factors were 0.0%, 9.7%, and 10.0%, respectively. If subjects with these factors were eliminated from the cohort, the return to work rate increased to 48.1%. Of all subjects, 50.9% had 1 or more of these factors. If subjects associated with any of the negative prognostic factors were eliminated, then the return to work rate increased to 60.4% (67 of 111). However, subjects with 1 or more of these factors accounted for 83.8% of the entire spondylolisthesis cohort, 67.3% of the return to work group, and 90.9% of the out of work group. Because so many subjects had negative prognostic factors, overall return to work outcomes were poor. The overall return to work rate was only 29.9%, with most (79.5%) subjects returning to work within the first year after fusion. This finding suggests that the longer patients with workers' compensation claims are out of work, the less likely they are to return. The 70.1% of subjects who did not return to work had considerably worse outcomes after fusion, including prolonged work loss, higher medical costs, long-term opioid dependence, and higher rates of failed back syndrome, permanent total disability, and additional lumbar surgery. Rates of psychiatric disorders increased after fusion among both the return to work group and the out of work group. However, this finding was far more pronounced in the out of work group. In addition, the out of work group had considerably more psychotherapy sessions after fusion than before fusion, possibly suggesting worsening psychiatric health. Overall rates of psychiatric diagnostic examinations increased greatly after fusion. Given the poor return to work outcomes linked to depression and the apparent increase in psychiatric comorbidity after fusion, this finding may highlight a potential effect of better screening and treatment of psychiatric disorders before lumbar fusion is performed in patients with workers' compensation claims.
Limitations
The current study was limited by its retrospective and observational design. Although the authors adjusted for a number of important covariates in the analysis, unmeasured confounding may still exist. The completeness of the data may have been limited by the use of the administrative database of the Ohio Bureau of Workers' Compensation. However, this database was used in earlier studies. 6, 14 Also, 2 recent studies reported high sensitivity and specificity in administrative billing data when compared with actual medical records, and this finding showed that these databases can provide accurate information, especially when identifying diagnoses, indications for surgery, and the type of procedure performed. 24, 25 In the current study, the authors determined which form of spondylolisthesis each subject had, but they could not determine the grade of slippage. However, this study included the entire population of patients in Ohio with workers' compensation claims who met the inclusion criteria and were treated between 1993 and 2013. This helped to avoid bias and increased the likelihood Rates for return to work (RTW) associated with each significant prognostic factor from the regression model. Also shown are the RTW rates if patients with each individual predictive factor were removed from the population. The greatest difference in RTW rate was between those who were out of work for longer than 1 year before fusion and those who were not out of work for longer than 1 year (35.8%).
that the distribution of disease severity would be similar to that in other populations. Finally, the generalizability of the study findings to patients with workers' compensation claims in other jurisdictions may be affected by factors such as different legislative regulations, treatment guidelines, and potential geographic effects on outcomes. This was shown in a 2014 study that reported differences in outcomes between those with workers' compensation claims in California and Washington State because of differences in policies and physician reimbursement.
conclusion
This study identified a number of prognostic factors for worse return to work outcomes within a large population of patients with workers' compensation claims who underwent fusion for spondylolisthesis. Clinically diagnosed depression, extensive work loss, prolonged opioid use, lumbar stenosis, and legal representation before fusion negatively affected the likelihood that subjects would return to work after fusion. Most of the study subjects had 1 or more of these factors. Overall return to work outcomes were poor. Those who did not return to work also had considerably worse secondary outcomes after fusion. However, spondylolisthesis is a well-accepted indication for spinal fusion among the general population, and this study focused largely on return to work rates and work loss. It is possible that these patients had greater improvement after fusion than was indicated by the findings, although they were not able to return to work at high rates. Future studies are needed to identify how to better facilitate return to work among similar patients with workers' compensation claims. The authors hope that this study helps clinicians to determine which patients with workers' compensation claims who are treated for spondylolisthesis may be at higher risk for poor return to work outcomes. 2. Carreon LY, Glassman SD, Howard J. Fusion and nonsurgical treatment for symptomatic 
